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Prediction of Adolescent and Adult Adiposity Outcomes
from Early Life Anthropometrics
Lise Graversen1, Thorkild I.A. Srensen2,3, Thomas A. Gerds4, Liselotte Petersen5, Ulla Sovio6,7, Marika Kaakinen7,8,9,
Annelli Sandbaek1, Jaana Laitinen10, Anja Taanila8,11, Anneli Pouta12,13, Marjo-Riitta J€arvelin7,8,9,11,12*, and Carsten Obel1*
Objectives: Maternal body mass index (BMI), birth weight, and preschool BMI may help identify children
at high risk of overweight as they are (1) similarly linked to adolescent overweight at different stages of
the obesity epidemic, (2) linked to adult obesity and metabolic alterations, and (3) easily obtainable in
health examinations in young children. The aim was to develop early childhood prediction models of ado-
lescent overweight, adult overweight, and adult obesity.
Methods: Prediction models at various ages in the Northern Finland Birth Cohort born in 1966
(NFBC1966) were developed. Internal validation was tested using a bootstrap design, and external vali-
dation was tested for the model predicting adolescent overweight using the Northern Finland Birth Cohort
born in 1986 (NFBC1986).
Results: A prediction model developed in the NFBC1966 to predict adolescent overweight, applied to
the NFBC1986, and aimed at labelling 10% as “at risk” on the basis of anthropometric information col-
lected until 5 years of age showed that half of those at risk in fact did become overweight. This group
constituted one-third of all who became overweight.
Conclusions: Our prediction model identified a subgroup of children at very high risk of becoming over-
weight, which may be valuable in public health settings dealing with obesity prevention.
Obesity (2015) 23, 162–169. doi:10.1002/oby.20921
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Introduction
The worldwide increase in childhood overweight prevalence may
have severe public health implications (1,2). Childhood overweight
is linked to a number of adverse health outcomes in childhood and
tracks into adulthood (3-7), and adult overweight is linked to
increased morbidity and mortality (8,9).
High-risk children can be identified using statistical models based
on risk indicators as predictor variables and developed to predict a
certain outcome. Several such early prediction models have
been developed to predict childhood or adolescent overweight
based on different combinations of known risk factors of over-
weight, but few have been able to predict adolescent and adult out-
comes (10-14).
An important purpose of the prediction models is to identify high-
risk children, and it is therefore of paramount importance that a pre-
diction model is developed to assure the best possible feasibility in
future generations. Previously, we have found the relative risk linked
to the known risk indicators maternal body mass index (BMI)
(15,16), birth weight (17), and preschool weight or BMI (18-21) to
be similar in two cohorts born 20 years apart, in spite of a doubling
in overweight prevalence between these cohorts (22). Furthermore,
we have found preschool BMI to be linked to central obesity and
metabolic alterations in adulthood (23), indicating that preschool
growth is not exclusively linked to BMI, but also to adiposity harm-
ful to health. In the Nordic countries, preschool children up to the
age of 5 years are seen at routine health examinations where height
and weight are measured by pediatricians or general practitioners
and where maternal BMI and birth weight are available.
The aim of the present study was to test the ability of maternal BMI,
birth weight, and early childhood BMI to predict adolescent over-
weight, adult overweight, and adult obesity and to test how well a
prediction model developed in one cohort performs in a cohort born
20 years later in the same geographical area but with a much higher
overweight prevalence. We developed prediction models for use at
various ages during childhood, but we have especially focused on pre-
diction models using data available at the age of 5 years, owing to
their clinical utility in preventive health examinations.
Methods
NFBC1966
The Northern Finland Birth Cohort 1966 (NFBC1966) consists of
96.3% of all children, who were due to be born in the provinces of
Oulu and Lapland in Northern Finland in 1966, and 12,058 live-
born individuals entered the study (24,25). Data collection was
started in pregnancy via a structured, self-completed questionnaire
including maternal prepregnancy weight and height. Data on preg-
nancy and birth were collected prospectively. At the age of 31, the
subjects living in the original target area or in the capital area
(N5 8,463) were invited to participate in a follow-up study includ-
ing a clinical examination, and 71% of the invited took part
(N5 6,033). For those with a blood sample available from the clini-
cal examination, data on their postnatal growth were obtained from
scans of original municipal health clinic records (N5 4,283). Ante-
natal data and postnatal growth data were available for 4,111 single-
tons in the NFBC1966 cohort (Figure 1).
NFBC1986
The Northern Finland Birth Cohort 1986 (NFBC1986) consists of
99% of all children, who were due to be born in the provinces of
Oulu and Lapland in Northern Finland between 1 July 1985 and
30 June 1986, and 9,203 live-born individuals entered the study.
Data collection and inclusion criteria were similar to the
NFBC1966, but the follow-up study was performed at the age of
16 years in the NFBC1986. Full antenatal data and postnatal
growth were available for 5,414 singletons in the NFBC1986
cohort. Both study populations were homogenous in terms of
ethnicity.
Ethics statement
Signed, informed consent, and written permission to use their data
for scientific research were obtained from the study participants at
the age of 31 in the NFBC1966. In the NFBC1986, the adolescents
and their parents gave informed consent and written permission to
use their data for scientific research. The University of Oulu Ethics
Committee approved the study.
Outcomes
Overweight (including obesity) and obesity in adolescence (last
measurement between the age of 13 and 16 years of age) were
categorized using the BMI cut-offs recommended by the Inter-
national Obesity Task Force (IOTF) (26). Adult overweight
(including obesity) was defined as BMI> 25 and obesity as
BMI> 30.
Figure 1 Flow chart for the Northern Finland Birth Cohort 1966 and the Northern
Finland Birth Cohort 1986.
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Descriptive statistics
The data of the NFBC1966 and NFBC1986 cohorts were summar-
ized using means (reporting the standard deviation [SD] and P-val-
ues for differences between the genders using t-test) and counts
(reporting percentage and P-values for differences between the gen-
ders using chi-square test) (Table 1).
Data imputation
We aimed to develop prediction models annually between the ages 1
and 8 years. We imputed data as not all children were measured
around their birthdays from 1 to 8 years. For the 1-year BMI, we
used the median of the BMI measurements between 10 and 14
months. Values at the other ages (2-8 years) were imputed based on
individual curves. A height and a weight curve was developed using
the child’s longitudinal height and weight measurements to estimate
the 4 parameters of first order Reed models (Supporting Information),
and BMI was calculated subsequently. To avoid artefacts, we applied
4 parameter Reed models only when at least 7 measurements were
available up to the specific age, and reduced the number of parame-
ters when fewer measurements were available. Specifically, we
removed the reciprocal term from the Reed models when there were
between 5 and 7 measurements, and fitted an ordinary linear model in
age when there were between 3 and 5 measurements. If there were
fewer than 3 measurements, the subject was removed from the analy-
sis at this specific age. Finally, we removed subjects, if the latest
available BMI measurement was taken more than 2 years before the
specific age. Eventually, 921 girls and 810 boys met these inclusion
criteria for all ages and were used to build the models.
Modeling
Prediction models based on (1) maternal BMI and birth weight, (2)
maternal BMI, birth weight, and childhood BMI, or (3) childhood
BMI alone were built using logistic regression in the NFBC1966 to
predict adolescent overweight, adult overweight, and adult obesity.
The odds ratios from the models are presented in Table 2. The pre-
diction models are available in R-language upon request. There
were too few cases to analyse adolescent obesity. All analyses were
performed separately for girls and boys.
To avoid colinearity, the childhood models at ages 3-8 included
only the current BMI value at the specific age, the BMI from 2
years before this age, and the 1-year BMI. The childhood models at
age 1 year included the 1-year BMI, and at age 2 years they
included the 1-year BMI and the 2-year BMI.
Internal validation
The Receiver Operating Characteristic (ROC) curve plots the sensitiv-
ity against 1-specificity for consecutive cut-offs of risk of an outcome.
The area under the ROC curve (AUC) is equal to the probability
(here represented as percentages) that the model will rank a randomly
chosen case higher in risk than a randomly chosen noncase. AUC
above 50% represents a classification better than random, and 100%
represents the perfect classification. AUC should be estimated with
correction for optimism, as a prediction model will most likely per-
form better in the data, where the model was developed, than in other
data sets (27). We corrected for optimism using a bootstrap cross-
validation design. In each of 1000 runs, we fitted the parameters of
the models to a bootstrap training set drawn with replacement from
the full data. Thus, each bootstrap training set has the same size as
the original set, but an individual may appear multiple times. Using
the risk predictions in the data of the remaining children, whose data
were not used to fit the model, we calculated the AUC and the results
are presented as averaged AUC over the 1000 runs (Figure 2).
A predicted risk of 7% is called accurate, if it can be expected that
the event, e.g., adolescent overweight, will occur in 7 of 100 sub-
jects, who all received a predicted risk of 7%. A statistical model is
TABLE 1 Characteristics of the Northern Finland Birth Cohort 1966 and the Northern Finland Birth Cohort 1986 study
population given as means (SD-standard deviation) or numbers (%)
Variable Level
NFBC1966 (n54111) NFBC1986 (n5 5414)
Men
(n5 2057)
Women
(n52054)
Men
(n5 2663)
Women
(n5 2751)
Birth weight (kg) Mean (sd) 3595.5 (502.1)a 3475.2 (467.9) 3685.5 (482.6)a 3547.6 (466.8)
Maternal BMI (kg/m2) Mean (sd) 23.3 (3.2) 23.2 (3.3) 22.2 (3.3) 22.4 (3.4)
Missing 185 172 56 66
Adolescent weight status (IOTF) Normal (%) 1787 (92.1) 1756 (90.6) 1847 (81.4)a 2026 (86.3)
Overweight (%) 135 (7.0) 152 (7.8) 320 (14.1)a 260 (11.1)
Obese (%) 19 (1.0) 31 (1.6) 103 (4.5)a 62 (2.6)
Missing 116 115 393 403
Adult weight status Normal (%) 1073 (52.2)a 1405 (68.4)
Overweight (%) 810 (39.4)a 445 (21.7)
Obese (%) 174 (8.5)a 204 (9.9)
aP-value< 0.05 for differences between genders within each cohort.
BMI, body mass index; IOTF, International Obesity Task Force.
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called calibrated, if its risk prediction is accurate for all subjects in
the population. A calibration plot displays how well the observed
and predicted event status connects on the risk scale. Model calibra-
tion was evaluated graphically for the 5-year childhood models. The
apparent estimates are obtained using the same material to develop
the prediction model and to test it. We used the approach of Harrel
and Frank (28) based on 1000 bootstrap data sets to get bias-
corrected estimates of predicted versus actual probabilities based on
a Lowess smoother across the range of predicted values (see Sup-
porting Information).
External validation and predictive values
To determine generalizability of the models developed in the
NFBC1966, we used the NFBC1986 for external validation. In the
NFBC1986, we computed the sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) at the time of
birth, 5 years, and 8 years in the NFBC1986 when the threshold for
being at risk was set at the upper 10% (Table 3). A 10% limit was
chosen, as this proportion could be manageable in clinical practice.
An example that relates to women, using a model at the age of 5
years is given in Table 4, including positive likelihood ratio (the pro-
portion of overweight assessed to be at risk divided by the proportion
of normal weight assessed to be at risk) and negative likelihood ratio
(the proportion of overweight assessed not to be at risk divided by
the proportion of normal weight assessed not to be at risk).
At the age of 5 years, we furthermore computed the same predictive
values at various thresholds of predicted risk. To compare the pre-
diction models with current clinical practice, we used overweight at
the age of 5 years according to the IOTF (Table 5). All predicted
values were supplemented with binomial 95% confidence limits.
Results
Characteristics of the NFBC1966 and the NFBC1986 are displayed
in Table 1. The prevalence of adolescent overweight and obesity
increases from the NFBC1966 to the NFBC1986. Also the gender
distribution of the outcomes changes over this period (Table 1).
Figure 2 shows AUC development with increasing age for prediction
models with three different outcomes in the NFBC1966. The AUC
for birth models is higher for women regardless of the outcome. Child
growth up to the age of 5 years increases the AUC for all models,
except the model predicting adult obesity in women. An increase in
AUC is seen from the age of 5 years to 8 years in all models. At
5 years, an AUC about 70% was found for adolescent overweight and
adult obesity, whereas AUC for adult overweight was about 65% for
women and 60% for men. At the age of 8 years, only the model for
adolescent overweight reached 80%. The figure reveals that maternal
BMI and birth weight generally add very little to the AUC at the age
of 5 years, when preschool height and weight are known.
Table 3 shows predictive values for models developed at birth, 5
years, and 8 years in the NFBC1966, when this is used to predict
adolescent overweight in the NFBC1986, and the threshold for
being at risk is set at the upper 10%. All predictive values increase
with increasing childhood age. At the age of 5 years, we identified
39% of girls and 28% of boys actually becoming overweight as at
risk (sensitivity), and we identified 94% of individuals not becom-
ing overweight as not at risk (specificity). Among individuals
assessed to be at risk, 52-53% became overweight in both genders
(PPV). Table 4 shows an example of the calculation of the predic-
tive values. A positive test (likelihood ratio of 6.9) results in an
increase from pretest probability of 13% to a posttest probability
TABLE 2 The odds ratios (OR) for the different parameters of prediction models developed in the Northern Finland Birth
Cohort 1966 for the outcomes of adolescent overweight, adult overweight, and adult obesity
Male Female
OR CI.95 P-value OR CI.95 P-value
Adolescent overweight
Birth weight 0.78 [0.50;1.23] 0.287 0.92 [0.58;1.46] 0.7225
Maternal BMI 1.16 [1.08;1.23] <0.0001 1.15 [1.09;1.22] <0.0001
BMI at 1 year 0.98 [0.76;1.24] 0.8928 0.89 [0.70;1.12] 0.3201
BMI at 3 years 1.60 [1.09;2.41] 0.02113 1.39 [0.95;2.03] 0.09024
BMI at 5 years 1.36 [1.07;1.73] 0.01165 1.63 [1.31;2.04] <0.0001
Adult overweight
Birth weight 0.81 [0.62;1.04] 0.09791 0.86 [0.65;1.15] 0.3131
Maternal BMI 1.08 [1.04;1.13] 0.0001942 1.13 [1.08;1.17] <0.0001
BMI at 1 year 1.00 [0.87;1.16] 0.9533 0.89 [0.76;1.04] 0.1435
BMI at 3 years 1.30 [1.02;1.66] 0.03725 1.25 [0.97;1.62] 0.08838
BMI at 5 years 1.13 [0.97;1.30] 0.1078 1.25 [1.07;1.45] 0.004733
Adult obesity
Birth weight 0.57 [0.37;0.89] 0.01369 1.04 [0.67;1.62] 0.8473
Maternal BMI 1.10 [1.03;1.17] 0.004626 1.12 [1.06;1.18] <0.0001
BMI at 1 year 0.97 [0.76;1.22] 0.8008 0.92 [0.73;1.14] 0.4416
BMI at 3 years 1.38 [0.95;2.07] 0.1021 1.00 [0.70;1.43] 0.9966
BMI at 5 years 1.32 [1.04;1.66] 0.02177 1.56 [1.27;1.93] <0.0001
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of 51%. However, a negative test results in a smaller shift in the
probability, from 13% to 9% (negative likelihood ratio5 0.65).
For the model developed at 5 years of age, we furthermore calculated pre-
dictive values according to various cut-off points of the estimated risk
(Table 5). Setting the cut-point at 50% being at risk lead to a negative pre-
dictive value of 97% in girls and 91.9% in boys, meaning that among the
50% with lowest risk, 3% girls and 8.1% boys will become overweight.
The predictive values were similar, when we compared overweight
according to the IOTF as the prediction model, and the developed predic-
tion models with cut-offs with a similar percentage at risk (Table 5).
Discussion
Main findings
This study of two large birth cohorts showed that childhood BMI
improves prediction models developed from 1 to 8 years of age. A
Figure 2 AUC development when prediction models are developed with increasing age from birth to the age of 8 years and adoles-
cent overweight, adult overweight, and adult obesity as the outcome. “Childhood models” refers to models based on childhood BMI.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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model developed to predict adolescent overweight in the NFBC1966
could, when applied to the NFBC1986 and aimed at labeling 10%
as “at risk,” identify one-third of the children, who may become
overweight in adolescence. More than 50% of these children identi-
fied as being at risk became overweight in adolescence. A prediction
model aimed at labelling 10% as at risk of overweight in adoles-
cence on the basis of anthropometric information collected until 5
years of age showed that half of those at risk in fact did become
overweight, and this group constituted about one-third of all who
became overweight. However, of the 90% of children labeled as
“not at risk,” 9% of girls and 15% of boys did become overweight
in adolescence. At the age of 5 years, the prediction models of ado-
lescent overweight and adult obesity reached an AUC of 70%,
which is commonly considered being a satisfactory prediction. At
the age of 8 years, these models reached an AUC of 80%, which is
commonly considered a good prediction. No models reached an
AUC of 90%, commonly referred to as an excellent prediction.
Comparison with other studies
On the basis of parental age, BMI, profession, smoking, single parent-
hood, number of household members, pregnancy weight gain, gesta-
tional age, birth weight, and genetic variants, Morandi et al. have previ-
ously shown in the NFBC1986 that it is possible to predict adolescence
overweight at the time of birth, with maternal BMI being the strongest
predictor, and that currently known genetic variants have very little to
add to such a prediction (10). That model achieved a sensitivity of
49%, a specificity of 80%, a PPV of 33%, and a NPV of 89% in the
same data set where the models were developed, when the risk thresh-
old was set at the upper 25%. In our study, we found for women/men a
sensitivity of 70/57%, specificity of 82/83%, PPV of 37/44 %, and
NPV of 95/89% for the upper 25% in a different data set of individuals
born 20 years later (Table 5). The prediction models by Morandi
included no early childhood growth measures, but more known risk
factors at birth. In our previous work, we have been unable to provide
evidence that these other risk indicators’ association with overweight
has been stable over time, and we therefore excluded them from the
analyses in this study (22). Maternal BMI has been identified as the
strongest predictor in prediction models developed at the time of birth
(10), but Santorelli et al. only found small improvements of a model at
the age of 1 year by including maternal BMI (13). Given the modest
impact on AUC (Figure 2) seen when removing birth weight and
maternal BMI from the models, these factors have only minor impact
on our prediction models as well, for girls at least. Postnatal growth
may partly reflect the effect of pre- and perinatal risk indicators and
could possibly explain why pre- and perinatal risk indicators add little
to the prediction, when early growth is included in the model.
Likelihood ratios (Table 4) are valuable when evaluating prediction
models owing to less dependency on prevalence than PPV and NPV
(29). An increase from pretest probability of 13% to posttest proba-
bility of 51% is likely to be of interest in clinical practice.
Strengths and limitations
Major strengths of this study were (1) the prospective data collection
conducted in two large general population-based cohorts with exten-
sive information about clinically relevant risk indicators, (2) the long
follow-up, and (3) the possibility to perform an external validation of
the prediction models. Many newer prediction models have been
developed to predict overweight at the age of 2 to 7 years (13,14,30-
32) obviously due to the scarcity of feasible follow-up measures in
later life. Taking the dynamic nature of weight development into
account with the possible remission of early life overweight, the out-
come measures in adolescence and even in adulthood in this study, is a
major strength. One limitation was the large variation in measurements
and the fact that some children had an insufficient number of measure-
ments for growth modelling, restricting the study population size. We
know from other analyses of the representativeness of attendees that
TABLE 3 Predictive properties when models developed in the Northern Finland Birth Cohort 1966 at different childhood ages
are applied to the Northern Finland Birth Cohort 1986 and the threshold of being at risk is set at the upper 10% and the
outcome is adolescent overweight
Age Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Women
Birth 24.0 [19.3;29.6] 92.1 [90.8;93.3] 31.8 [25.7;38.6] 88.8 [87.3;90.2]
5 years 38.9 [33.2;45.0] 94.4 [93.2;95.4] 51.5 [44.6;58.4] 91.0 [89.6;92.3]
8 years 49.2 [43.2;55.3] 96.0 [94.9;96.8] 65.2 [58.3;71.4] 92.5 [91.2;93.7]
Men
Birth 17.4 [13.8;21.6] 91.7 [90.2;93.0] 33.0 [26.7;39.9] 82.5 [80.7;84.3]
5 years 28.2 [23.8;33.0] 94.2 [93.0;95.3] 53.4 [46.3;60.3] 84.8 [83.0;86.4]
8 years 38.7 [33.8;43.8] 96.7 [95.7;97.5] 73.3 [66.6;79.1] 87.0 [85.4;88.5]
NPV, negative predictive value; PPV, positive predictive value.
TABLE 4 2 3 2 table of actual adolescent weight status and
risk status at the age of 5 years when the threshold of being
at risk is set at the upper 10% in girls
Normal weight Overweight
Not at risk 1621 160 1781
At risk 96 102 198
1717 262 1979
Sensitivity: 102/2625 0.389. Specificity: 1621/17175 0.944. Positive predictive
value: 102/1985 0.515. Negative predictive value: 1621/178150.910. Positive
likelihood ratio: sensitivity/(1-specificity)5 0.389/(120.944)5 6.9. Negative likeli-
hood ratio: (12 sensitivity)/specificity5 (12 0.389)/0.9445 0.65.
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individuals with only basic education and individuals with unemploy-
ment history are slightly under-represented among attendees (33), and
that individuals with sufficient measurements to fit growth curves in
the NFBC1966 have slightly lower adult BMI than individuals with
insufficient numbers of measurements (23). If this has an impact on the
results, we will most likely have underestimated the predictive values,
as the population studied is expected to be slightly healthier than the
total population, but we expect that this applies to both cohorts. Fur-
thermore, it is a limitation that maternal BMI was self-reported, as
women tend to slightly underestimate their BMI, especially overweight
women (34). We cannot rule out that a more accurate measure of
maternal BMI could have had a larger impact on the prediction. The
prediction models in this study were based on usual care measure-
ments, which have the disadvantage of missing measurements and
larger measurement error, but the advantage of resembling the setting
where the prediction model would be used.
External validation
We tested our prediction model in a cohort born 20 years later, with the
same racial and cultural background, but with a much higher preva-
lence of overweight. Sensitivity and specificity were very similar, but,
as expected, the PPV increased markedly. Prediction models devel-
oped in the NFBC1986 at the time of birth have shown good accuracy
in a US cohort, also demonstrating that the environmental pressure
towards obesity has not weakened the role of early risk factors (10),
indicating that a prediction model developed in a Finnish cohort can be
useful in other settings. However, clinical use of the prediction model
would require external validation in other populations.
Should we even try to improve the current
identification of children at high risk?
Labeling 10% of 5-year-olds as being at risk will pose a major chal-
lenge to the health care system, if an effective intervention is to be
offered, and there is not even consensus about which intervention to
offer (35,36). On the other hand, we could argue that a similar num-
ber of children already are labeled as at risk in routine health exami-
nations, because they exceed the threshold for overweight on com-
monly available growth charts, or are evaluated to be overweight
based on the child’s appearance. For instance, it has been shown
that overweight at the age of 5 years is far from always “diagnosed”
based on BMI measurements and growth charts (37). This more
sophisticated prediction model could possibly improve an identifica-
tion already taking place. Furthermore, Andersen et al. showed that
action is often not initiated, as doctors fail to articulate an identified
overweight issue to the parents (38). Our prediction model may pro-
vide doctors with a more solid knowledge of a given child’s risk
and encourage doctors to address this issue and i.e., offer the family
a follow-up visit, and at the same time avoid some low-risk children
from being identified as being at risk. On the other hand, if the pre-
diction cannot be much improved, the significant number of low-risk
individuals who become overweight emphasizes the need of
population-wide programs in addition to programs focused on high-
risk individuals.
Conclusion
A prediction model based on few stable risk indicators developed to
predict adolescent overweight in the NFBC1966 at the age of 5 yearsTA
B
LE
5
S
e
le
c
te
d
th
re
s
h
o
ld
s
fo
r
b
e
in
g
a
t
ri
s
k
a
n
d
th
e
ir
c
o
rr
e
s
p
o
n
d
in
g
p
re
d
ic
ti
v
e
v
a
lu
e
s
fo
r
th
e
5
-y
e
a
r
m
o
d
e
l
d
e
v
e
lo
p
e
d
in
th
e
N
o
rt
h
e
rn
F
in
la
n
d
B
ir
th
C
o
h
o
rt
1
9
6
6
to
p
re
d
ic
t
a
d
o
le
s
c
e
n
t
o
v
e
rw
e
ig
h
t
a
n
d
a
p
p
lie
d
to
th
e
N
o
rt
h
e
rn
F
in
la
n
d
B
ir
th
C
o
h
o
rt
1
9
8
6
a
ls
o
p
re
d
ic
ti
n
g
a
d
o
le
s
c
e
n
t
o
v
e
rw
e
ig
h
t
%
la
b
e
le
d
a
s
“a
t
ri
s
k
”
W
o
m
e
n
M
e
n
S
e
n
s
it
iv
it
y
(%
)
S
p
e
c
if
ic
it
y
(%
)
P
P
V
(%
)
N
P
V
(%
)
S
e
n
s
it
iv
it
y
(%
)
S
p
e
c
if
ic
it
y
(%
)
P
P
V
(%
)
N
P
V
(%
)
75
95
.8
[9
2.
6;
97
.6
]
28
.2
[2
6.
1;
30
.4
]
16
.9
[1
5.
1;
18
.9
]
97
.8
[9
6.
1;
98
.8
]
92
.5
[8
9.
4;
94
.8
]
29
.1
[2
6.
9;
31
.4
]
23
.5
[2
1.
3;
25
.7
]
94
.3
[9
1.
9;
96
.1
]
50
88
.5
[8
4.
1;
91
.9
]
55
.9
[5
3.
6;
58
.2
]
23
.5
[2
0.
9;
26
.2
]
97
.0
[9
5.
7;
97
.9
]
78
.7
[7
4.
2;
82
.6
]
56
.7
[5
4.
3;
59
.2
]
29
.9
[2
7.
1;
32
.9
]
91
.9
[9
0.
0;
93
.5
]
25
69
.8
[6
4.
0;
75
.1
]
81
.8
[7
9.
9;
83
.6
]
37
.0
[3
2.
8;
41
.3
]
94
.7
[9
3.
4;
95
.7
]
57
.2
[5
2.
0;
62
.2
]
82
.6
[8
0.
6;
84
.4
]
43
.5
[3
9.
1;
48
.0
]
89
.1
[8
7.
4;
90
.7
]
20
61
.8
[5
5.
8;
67
.5
]
86
.4
[8
4.
7;
87
.9
]
40
.9
[3
6.
2;
45
.8
]
93
.7
[9
2.
4;
94
.8
]
50
.3
[4
5.
1;
55
.4
]
87
.1
[8
5.
3;
88
.7
]
47
.8
[4
2.
8;
52
.8
]
88
.2
[8
6.
5;
89
.7
]
15
51
.5
[4
5.
5;
57
.5
]
90
.6
[8
9.
1;
91
.9
]
45
.5
[3
9.
9;
51
.1
]
92
.4
[9
1.
1;
93
.6
]
40
.9
[3
5.
9;
46
.0
]
91
.1
[8
9.
5;
92
.4
]
51
.7
[4
6.
0;
57
.5
]
86
.8
[8
5.
0;
88
.3
]
10
38
.9
[3
3.
2;
45
.0
]
94
.4
[9
3.
2;
95
.4
]
51
.5
[4
4.
6;
58
.4
]
91
.0
[8
9.
6;
92
.3
]
28
.2
[2
3.
8;
33
.0
]
94
.2
[9
3.
0;
95
.3
]
53
.4
[4
6.
3;
60
.3
]
84
.8
[8
3.
0;
86
.4
]
5
24
.8
[2
0.
0;
30
.4
]
98
.0
[9
7.
2;
98
.6
]
65
.7
[5
5.
9;
74
.3
]
89
.5
[8
8.
1;
90
.8
]
16
.6
[1
3.
1;
20
.8
]
97
.7
[9
6.
8;
98
.3
]
62
.5
[5
2.
5;
71
.5
]
83
.3
[8
1.
5;
84
.9
]
1
5.
7
[3
.5
;9
.2
]
99
.7
[9
9.
3;
99
.9
]
75
.0
[5
3.
1;
88
.8
]
87
.4
[8
5.
8;
88
.8
]
5.
0
[3
.2
;7
.7
]
99
.9
[9
9.
5;
10
0.
0]
90
.0
[6
9.
9;
97
.2
]
81
.7
[7
9.
9;
83
.4
]
O
ve
r
w
ei
gh
t
IO
TF
39
.7
[3
4.
0;
45
.7
]
94
.2
[9
3.
0;
95
.2
]
51
.0
[4
4.
2;
57
.8
]
91
.1
[8
9.
7;
92
.3
]
25
.4
[2
1.
2;
30
.1
]
96
.1
[9
5.
0;
97
.0
]
60
.5
[5
2.
6;
67
.9
]
84
.6
[8
2.
8;
86
.2
]
F
o
r
w
o
m
e
n
,
B
M
Ia
t
a
g
e
5
>
1
7
.1
kg
/m
2
c
o
rr
e
sp
o
n
d
s
to
th
e
th
re
sh
o
ld
fo
r
o
ve
rw
e
ig
h
t
a
c
c
o
rd
in
g
to
IO
T
F
(1
0
.3
%
).
F
o
r
m
e
n
,
B
M
Ia
t
a
g
e
5
>
1
7
.4
kg
/m
2
c
o
rr
e
sp
o
n
d
s
to
th
e
th
re
sh
o
ld
fo
r
o
ve
rw
ei
g
h
t
a
c
c
o
rd
in
g
to
IO
T
F
(8
%
).
IO
T
F
,
In
te
rn
a
tio
n
a
l
O
b
e
si
ty
T
a
sk
F
o
rc
e
;
N
P
V
,
n
e
g
a
tiv
e
p
re
d
ic
tiv
e
va
lu
e
;
P
P
V
,
p
o
si
tiv
e
p
re
d
ic
tiv
e
va
lu
e
.
Obesity Prediction of Adolescent and Adult Adiposity Graversen et al.
168 Obesity | VOLUME 23 | NUMBER 1 | JANUARY 2015 www.obesityjournal.org
can, when applied to the NFBC1986, identify a subgroup of children
at high risk, and identify another large proportion of individuals at
low risk. Our prediction model may be valuable in a public health
settings dealing with obesity prevention, especially if the prediction
model is further developed with more risk indicators and larger
cohorts.O
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